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 Abstract. Cabbage is an important vegetable crop species. To obtain high yield of cabbage, 
good weed management practice must be implemented. A field experiment was conducted to 
determine the effects of plant density and row arrangement on weed flora and yield of a cabbage crop 
under Mediterranean climatic conditions. A randomized complete block design was employed with 4 
replicates per treatment (single rows 60 cm x 40 cm, single rows 70 cm x 30 cm, single rows 50 cm x 
34 cm and paired-rows: the distances between two rows in a pair and between two consecutive paired-
rows were 25 cm and 85 cm, respectively, and plant-to-plant spacing was 40 cm; 58,800 plants ha
-1
). 
The intercepted PAR by the cabbage canopy
 
increased with increases in plant density to about 59,000 
plants ha
-1 
and this increased interception of PAR resulted in a decrease
 
in weed biomass. Weed 
density and weed biomass decreased with increasing plant populations. There were also no significant 
differences between paired-rows and single row pattern at high density. Moreover, plant density
 
affected cabbage yield. The highest yield (10.54 t∙ha-1) was observed in the paired-rows planting 
pattern and the next highest in the single-rows 50 x 34 cm. Our results indicate that paired-rows 
cabbage production is feasible and the control of various weeds was better in paired-rows than single-
rows pattern at lower cabbage density.  
 




 Cabbage (Brassica oleracea var. capitata L.) is a vegetable which, along with the 
broccoli and cauliflower, belongs to the Brassicaceae family Brassicaceae vegetables are 
considered to be a stable food in many areas all over the world (Jahangir et al., 2009).  In 
2009, about 3.2 million ha of cabbage were harvested in the world (FAO, 2010). In Europe, 
about 446,000 ha were planted with cabbage (FAO, 2010). In Greece, cabbage is consumed 
mostly as a fresh salad. Local consumers prefer compact, round, medium size cabbage heads 
(>2 kg and <3 kg). Several epidemiological studies have shown that a high intake of 
cruciferous vegetables, for example cabbage, broccoli or Brussels sprouts has beneficial 
influence on human health. Bioactive compounds such as glucosinolates and products of their 
decomposition (isothiocyanates and indoles) have an influence on anti-cancer properties 
(Smiechowska et al., 2010). 
 In Greece, pendimethalin and oxyfluorfen are herbicides registered for pre-transplant 
application to manage broadleaved and grass weeds in cabbage. Smart et al. (2001) also 
reported that sulfentrazone can be considered safe for postemergence use in cabbage. 
Moreover, Sikkema et al. (2007) found that s-metolachlor applied pre-transplant and post-
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transplant at 800, 1,600 and 2,400 g a.i. ha
-1
 has an acceptable level of crop safety in cabbage. 
There is little published information about the weed management in organic cabbage crop. 
There is a keen interest in developing alternative methods of natural weed control in 
organically grown crops (Bilalis et al., 2010), as weed control remain one of the most 
significant agronomic challenges in the production of organic crops. Cultivation and hand 
hoeing are common practices used in organically grown vegetable crops. Cultural 
management techniques, such as reduced crop row spacing, can increase a crop’s ability to 
compete with weeds for incoming sunlight (Grichar et al., 2004). Moreover, planting crops in 
paired-rows (also referred to as twin-row in the literature) may also be used for control weed. 
Stephenson and Brecke (2010) found that twin-row cotton production is feasible and the 
control of various weeds was better in twin-row than single-row pattern.  
 The objective of this study was to evaluate the effects of plant density and row 
arrangement on weed management in organic cabbage crop (Brassica oleracea var. capitata 
L.). Our study was also restricted to effects of plant density on yield and head characteristics 
of cabbage. 
 
MATERIALS AND METHODS 
 
 Field experiment was carried out in central Greece (Domokos, 230 km from Athens, 
39.03N and 22.33E) in 2010. The experimental site had previously been cropped with wheat. 
The soil was clay (50.7% clay, 23.3% silt and 26% sand) with pH=7.6, 2.2% organic matter 
and EC 0.32 mS cm
-1
. Vetch (Vicia sativa L. var. Alexandros) was sow by hand on 5
th
 of 
November 2009. Vetch was incorporated into the soil on 25
th
 of May 2011. The amount of 
total N that accumulated on vetch plants was 23.7 kg ha
-1
. 
 A randomized complete block design was employed with four replicates per treatment. 
The experiment was set up over an area of 1,040 m
2
. The plot size was 6×9 m. The treatments 
were: a) Single rows 60 cm x 40 cm (41,700 plant ha
-1
), b) Single rows 70 cm x 30 cm 
(42,850 plants ha
-1
), c) Single rows 50 cm x 34 cm (58,900 plants ha
-1
) and c) Paired-rows 
(the distances between two rows in a pair and between two consecutive paired-rows were 25 
cm and 85 cm, respectively, and plant-to-plant spacing was 40 cm; 58,800 plants ha
-1
). 
 Cabbage (Brassica oleracea var. capitata L. Grandslam F1) was sown on 2
th
 of May 
2010 in a seedbed. After hardening, the cabbage seedlings were transplanted on 14
th
 of June 
2010. A drip irrigation system was used. The drip system consisted of laterals of 20 mm 
diameter with in-line drippers at 40 cm intervals. The drippers had a discharge rate of 4 L h
−1
, 
under an operation pressure of 1 atm. Irrigation was applied for 1-1.5 h for each application. 
Irrigation intervals ranged from 5 to 10 days, depending on daily temperature. The weeds 
were destroyed manually twice (20 and 65 days after transplanting (DAT)) during the 
cultivation period. Thereafter, no weed control was applied. 
 The number and dry weight of weeds were assessed. A wooden square quadrate (45  
45 cm) was placed at random three times in each plot. Weeds in the 45  45 cm area were 
counted for each species present, and dry matter determined. Weed assessments were made at 
60 DAT. The dry weight of weeds was determined after drying for 72h at 70
o
C. At 100 DAT, 
cabbage heads were harvested when they had reached their apparent maximum size and 
firmness. For the computation of head weight (kg), height (cm), diameter (cm) and yield of 
cabbage (kg∙ha-1) 10 plants were randomly selected in each plot. 
 Canopy interception of incident photosynthetically active radiation (PAR) was 
calculated by taking ten readings in rapid succession above the canopy and ten readings below 
the canopy at the soil surface using a 60-cm Sunfleck Ceptometer (Decagon devices, Pullman, 
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Washington State, USA). The fraction of the incident PAR intercepted by the canopy (Fint 













                                    
 The data were subjected to statistical analysis according to the randomized complete 
block design. Differences between treatment means were compared at P=5% with ANOVA in 
order to find the statistically significant differences and then LSDs were used to compare the 
plots. The statistical analysis of the data was realized using the STATGRAPHICS Plus 5.1 
logistic package.  
 
RESULTS AND DISCUSSION 
 
 Weed control 
 Rapid canopy establishment is important, as it contributes to increased total light 
interception over the growing season and to effective weed suppression by the crop. The 
values for Fint PAR under the cultivation plants are shown in Fig. 1. At 30 DAT, there were 
no significant differences between treatments. After, 60 DAT, the intercepted PAR by the 
cabbage canopy
 
increased with increases in plant density. The highest values were observed 
in the single-rows 50 x 34 cm (83% in rows and 67%) within rows and the next highest in the 
paired-rows planting pattern (74% in rows and 59% within rows). The intercepted PAR by 
the cabbage canopy
 
increased with increases in plant density to about 59,000 plants ha
-1 
and 
this increased interception of PAR resulted in a decrease
 




Fig. 1. The fraction of PAR intercepted (%) during the growing season, in rows and between rows (DAT: days 
after transplanting) 
 
 Moreover, Stephenson and Brecke (2010) reported that in twin-row cotton the 
intercepted PAR was 55% 7 weeks after emergence (WAE) and 76% 9 WAE compared to 





































Single rows 60 x 40 Single rows 70 x 30 
Single rows 50 x 34 Paired rows 
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canopy light interception may suppress weed emergence (Nyamusamba et al., 2007; 
Stephenson and Brecke, 2010). If so, defining the effect of crop canopy cover on weed 
germination could increase our understanding of potential weed growth suppression using 
alternative agronomic practices such as planting densities, row spacing and time of planting 
(Nyamusamba et al., 2007).  
 The most common species during the experiment were the broadleaved weeds redroot 
bigweed (Amaranthus retroflexus L.), field bindweed (Convolvulus arvensis L.), jimsonweed 
(Datura stramonium L.), venice mallow (Hibiscum trionum L.), common purslane (Portulaca 
oleracea L.) and black nightshade (Solanum nigrum L.) and the grass weed barnyardgrass 
(Echinochloa crus-galli (L.) P. Beauv.). The order of weed sensitivity to plant density was 
redroot pigweed > venice mallow > barnyardgrass > black nightshade > common purslane > 
jimsonweed > field bindweed. Weed density and weed biomass decreased with increasing 
plant populations (Tab. 1).  
 
Tab. 1 






(60 x 40 cm) 
Single rows 
(70 x 30 cm) 
Single rows 
(50 x 34 cm) 
Paired rows LSD 
Weed density      
Amaranthus retroflexus 24.75 25.25 7.25 8.50 3.46 
Datura stramonium 10.25 12.50 4.50 3.75 2.12 
Echinochloa crus-galli 4.50 5.25 1.50 1.25 1.25 
Hibiscus trionum 11.25 11.75 2.50 2.75 2.67 
Portulaca oleracea 9.75 11.50 2.75 2.25 1.76 
Solanum nigrum 16.25 15.50 5.25 6.00 2.15 
Convolvulus arvensis 3.25 2.75 3.00 2.50 0.78 
Total 80 84.5 25.75 27 6.54 
Weed biomass      
Amaranthus retroflexus 63.22 70.56 12.49 13.25 4.23 
Datura stramonium 29.76 32.82 8.38 9.41 3.21 
Echinochloa crus-galli 10.50 11.29 2.58 2.12 1.03 
Hibiscus trionum 8.67 9.25 1.44 1.52 0.67 
Portulaca oleracea 32.56 34.70 10.54 11.26 3.07 
Solanum nigrum 30.15 34.64 7.34 7.86 2.98 
Convolvulus arvensis 7.50 6.84 5.68 6.03 1.85 
Total 182.36 200.10 48.45 51.45 14.24 
Note: LSD (p=0.05) for treatments are shown. 
 
 Moreover, the management of various weeds was better in paired-rows planting 
pattern than single row pattern at lower cabbage density. There were no significant 
differences between paired-rows and single row pattern at high density. Suitable row spacing 
is a useful instrument in weed and crop management (Efthimiadou et al. 2009). Stephenson 
and Brecke (2010) found that weed control was greater in twin-rows cotton compared to 
single-rows.  
 We recorded a statistically significant negative correlation between the fraction of 
photosynthetically active radiation (Fint PAR) intercepted by the canopy, and both weed 
density (r=-0.92, p=0.001) and weed dry matter (r=-0.86, p=0.001). Similar results were also 
found by Bilalis et al. (2010). Moreover, Reddy et al. (2009) observed that cotton grown in 
38-cm rows and 25-cm paired rows closed canopy 1 to 4 wk earlier compared to cotton in 
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102-cm rows. Rapid canopy closure creates unfavorable environment for germination and 
establishment of late-season weeds. Saberali et al. (2008) reported that the leaf area index, 
biomass production and growth rate of common lambsquarters (Chenopodium album L.) in 
corn crop under the two-row planting pattern were less than under the one row planting 
pattern. 
 
 Crop growth 
 Plant density
 
affected cabbage yield (Tab. 2). The highest yield (10.54 t ha
-1
) was 
observed in the paired-rows planting pattern and the next highest in the single-rows 50 x 34 
cm. Moreover, there was a significant effect of plant spacing on the diameter and height of 
cabbage head (Tab. 2). The lowest diameter was found in 50 x 34 cm spacing. The maximum 
height of head (18.74) was found in paired-rows planting pattern. Znidarcic et al. (2007) 
reported that yield per head, head diameter and volume and core volume increased as the 
with-row plant spacing increased.  
 
Tab. 2 
Effects of plant spacing on head weight variability (%), head height (cm), head diameter (cm) and yield (t∙ha-1) 
of cabbage crop (100 days after transplanting). 
 
Treatments Yield  Head height Head diameter 
Singe rows (60 x 40 cm) 6.84 18.22 24.61 
Singe rows (70 x 30 cm) 7.57 18.55 24.54 
Singe rows (50 x 34 cm) 7.22 17.42 20.12 
Paired rows 10.54 18.74 23.77 
LSD 0.74 0.57 0.42 
 Head weight (1-2 kg) % Head weight (2-3 kg ) % Head weight (>3 kg) % 
Singe rows (60 x 40 cm) 20.83 55.82 23.35 
Singe rows (70 x 30 cm) 20.24 57.52 22.24 
Singe rows (50 x 34 cm) 62.52 30.75 6.73 
Paired rows 29.18 60.59 10.23 
LSD 4.83 3.42 5.03 
Note: LSD (p=0.05) for treatments are shown. 
 
 Yield differences between paired-row pattern and single-row pattern have been 
reported in several crops. In soybean, yields were higher in twin-row pattern compared to 
single row-pattern (Janovicek et al., 2006). Moreover, Stephenson and Brecke (2010) found 
that twin-row cotton yielded 220 kg ha
−1
 more than the single-row planting pattern.  
 Cabbage head development and maturity had generally been variable within and 
between commercial fields (Stofella and Fleming, 1990). Our data indicated that plant density 
and row arrangement affected head weight variability of cabbage crop. Low planting density 
tended to result
 
in larger, heavier heads (Tab. 2). Fujiwara et al. (2000) also reported that head 




 Narrow row spacing in cabbage production promote rapid canopy closure, improving 
competitiveness with weeds. Our results indicated that the highest values of intercepted PAR 
by the cabbage canopy were observed in the single-rows 50 x 34 cm and the next highest in 
the paired-rows planting pattern. The management of various weeds was better in paired-rows 
planting pattern than single row pattern at lower cabbage density. There were no significant 
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differences between paired-rows and single row pattern at high density. Moreover, the highest 
yield (10.54 t ha
-1
) was observed in the paired-rows planting pattern and the next highest in 
the single-rows 50 x 34 cm. Planting cabbage in paired-rows constitutes a new, promising 
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